A viable spermatozoon is a prerequisite for fertilization in intracytoplasmic sperm injection (ICSI). Thus, it is crucial to select viable but immotile spermatozoa on the day of ICSI. We report conflicting results in the identification of viable but immotile spermatozoa between the eosin-nigrosin staining and the laser test, which resulted in confusion for embryologists during assisted reproductive technology (ART). Three patients' semen samples that showed no motile spermatozoa are described in this report. To identify viable spermatozoa, we used both the eosin-nigrosin test and the laser test for each sample, and repeated the semen analysis twice in each patient. Viable but immotile spermatozoa selected by the laser test were used for ICSI. Viable spermatozoa were detected by both the eosin-nigrosin and laser tests in two patients (case 1, 95.00% vs. 24.21% and 92.68% vs. 22.22%; case 2, 41.18% vs. 23.48% and 39.81% vs. 22.52%), indicating consistent results between the two methods. In the third patient, the eosin-nigrosin test yielded viability rates of 20.75% and 19.14%, while the result of the laser test was 0%. Thus, testicular aspiration was performed to collect viable sperm from this patient. Normal fertilization was achieved after the injection of viable but immotile spermatozoa selected from these patients by the laser test, resulting in the birth of two healthy babies. Our study documents a case where the eosin-nigrosin test showed a limitation in identifying viable but immotile spermatozoa for ART, while the laser test may overcome this limitation. Larger samples may be required to corroborate the clinical value of the laser test.
Introduction
Evaluation of spermatozoa vitality using the eosin-nigrosin staining test is recommended by the fifth edition of the World Health Organization (WHO) laboratory manual for the examination and processing of human semen. As such, eosin-nigrosin staining has been an important and routine tool for clinicians to determine the possibility of assisted reproductive technology (ART) treatment, especially for patients with completely immotile sperm [1, 2] . In theory, if viable spermatozoa are identified using the eosin-nigrosin staining test, it is reasonable for clinicians to decide that this sperm has a potential for fertilization and can be used for intracytoplasmic sperm injection (ICSI). However, we recently encountered a case in which the results of eosin-nigrosin staining conflicted with those obtained using laser-assisted detection. Many studies have shown that the laser test is an effective and rapid method of identifying viable sperm for ICSI [3] [4] [5] , but conflicting results between these two tests may create confusion among embryologists regarding whether these patients are suitable for ART treatment. We share our experience with such a discrepancy herein.
Case 1. Case 1
A 32-year-old man and his 27-year-old wife presented to our reproductive center with primary infertility of 1 year and 6 months' dura-tion. The husband's follicle-stimulating hormone (FSH) level was 1.82 mIU/mL, and a karyotype of 46-XY with Y-chromosome microdeletions within the normal limits. Repeated semen analysis performed at another reproductive institute showed severe asthenozoospermia with a complete absence of motile spermatozoa. Repeated semen analysis at our center showed severe asthenoteratospermia (sperm motility rate, 0%; normal sperm morphology rate, 0.5% and 0.8% according to the WHO manual) [6] .
Case 2
A 41-year-old man and his 40-year-old wife presented with a 22-month history of inability to conceive a planned second child. His wife had delivered a healthy girl 16 years previously. The husband stated that their sex life was normal, with anterograde ejaculation, no impotence, and no premature ejaculation. The karyotype of the man was 46-XY with Y-chromosome microdeletions within the normal limits. Repeated semen analysis at our center showed asthenozoospermia (sperm vitality, < 10% according to the WHO manual) [6] . No motile sperm was observed in the multiple semen samples obtained though ejaculation on the day of ovum pick-up.
Case 3
A 35-year-old man and his 27-year-old wife had been married for 2 years with primary infertility. The medical records of the husband showed that their routine private sex life was normal, with anterograde ejaculation, no impotence, and no premature ejaculation. The right testis volume was 20 mL, while the left testis was not found during body examination. The husband's FSH level was 9.24 mIU/mL, and his karyotype was 46-XY with Y-chromosome microdeletions within the normal limits. Two rounds of semen analysis showed a complete absence of motile spermatozoa according to the WHO criteria. Both the eosin-nigrosin staining and the laser test were used to analyze the viability rate of each semen sample. No motile sperm was detected by laser, so this couple was advised to undergo collection of testicular spermatozoa in the following ART treatment cycle.
Detection of the viability rate of immotile sperm
Both eosin-nigrosin staining and the laser test were used to analyze the viability rate of each semen sample. Semen analysis was repeated twice in each patient. The semen collection interval was 3-7 days in each patient. One-step eosin-nigrosin staining was performed, following the WHO guidelines [6] . Laser-assisted selection of viable but immotile sperm was performed as described by Aktan et al. [7] . Briefly, laser assessment of sperm viability was performed by a direct laser shot to the tip of the sperm flagellum, using laser energy of approximately 200 μJ with about 2 ms of irradiation. Spermatozoa that responded to the laser shot by curling their tail were regarded as presumably viable and selected for ICSI.
Testicular sperm aspiration
The patient was maintained in the supine position and disinfected using routine protocols. Anesthesia was performed by 2% lidocaine for spermatic cord block. A 50-mL syringe containing 0.5 mL of Quinn's 1020 medium (Sage, Trumbull, CT, USA) and a 16-gauge needle were used for each sample. These samples were then independently minced using two sterile needles in a dish containing 2 mL of fertilization medium (Quinn's 1020).
Ovarian stimulation protocols and oocyte collection
Controlled ovarian stimulation was carried out after downregulation with Diphereline. FSH was administered at a dose of 200 IU per day. When the dominant follicles reached a diameter of 18 mm, ovulation was induced by an intramuscular injection of 10,000 IU of human chorionic gonadotropin (hCG). Oocytes were recovered by transvaginal aspiration of follicles under ultrasound guidance 36 hours after the hCG injection.
Embryo culture and pregnancy determination
Fertilization was checked by the detection of two pronuclei and two polar bodies at 16-18 hours after ICSI. Only zygotes displaying two pronuclei were transferred into Quinn' s 1026 medium (Sage) supplemented with 10% serum protein substitute (SPS, Sage) for days 0-3, and then were moved to Quinn' s 1029 medium (Sage) supplemented with 10% SPS for 2 more days. A biochemical pregnancy test was carried out 14 days after embryo transfer by measuring serum β-hCG. Clinical pregnancy was confirmed if a gestational sac was assessed on transvaginal ultrasonography at 6-8 weeks after transfer.
Spermatozoa viability detection results and clinical outcomes
Viable spermatozoa were detected by the eosin-nigrosin test and the laser test in the first two patients (case 1, 95.00% vs. 24.21% and 92.68% vs. 22.22%; case 2, 41.18% vs. 23.48% and 39.81% vs. 22.52%), and the results of the two methods were consistent. In the third patient, the viability rates obtained using the eosin-nigrosin test were 20.75% and 19.14%, while the viability rate obtained using the laser test was 0% ( Table 1) .
As shown in Table 2 , for all three patients, normal embryo fertilization with normal cleavage was achieved. After the transfer of fresh embryos, the wife of one patient achieved a singleton pregnancy and delivered a full-term healthy boy, while the wife of the other patient did not become pregnant and no frozen embryo was available. In case 3, because of the risk of ovarian hyperstimulation, fresh embryo transfer was cancelled, and four blastocysts were vitrified. The wife of the third patient achieved a successful intrauterine pregnancy in the subsequent frozen-thawed cycle, and delivered a full-term healthy baby.
Discussion
In our report, in the first two cases, a clinically significant percentage of spermatozoa was classified as viable using the eosin-nigrosin test and by the laser test. Based on these findings, the clinicians speculated that sufficient spermatozoa were available for ICSI. However, no viable spermatozoa were observed using the laser test in the third case. Therefore, the patient was advised to undergo testicular collection of spermatozoa in the following ART cycle. These conflicting results between the eosin-nigrosin test and the laser test caused confusion in the embryologists.
Several techniques have been developed to identify viable but immotile spermatozoa [8] [9] [10] [11] [12] [13] [14] . The eosin-nigrosin test and the hypo-osmotic swelling test are recommended for the diagnostic evaluation of spermatozoa vitality in the latest edition of the WHO laboratory manual [6] for the examination and processing of human semen. The eosin-nigrosin test is based upon the sperm head membrane integrity, as nonviable spermatozoa exhibit deficient cell membrane structures, permitting eosin to enter the cells and stain them, whereas viable spermatozoa resist the dyes and remain unstained. However, once exposed to toxic dyes, spermatozoa are no longer suitable for fertilization, which limits the application of this technique to the diagnostic evaluation of the spermatozoa survival rate before ART. The hypo-osmotic swelling test is time-consuming, operationally complex, and operator-dependent [14] . Furthermore, it is not 100% accurate and requires a high level of experience and skill to perform [9] . Furthermore, spontaneously developed tail swellings may influence the accuracy of the hypo-osmotic swelling test, and it is not suitable for cryopreserved ejaculated spermatozoa [15] . Lasers show a thermal effect; when the tail of a spermatozoon is irradiated by a low-energy laser, the local temperature increases, causing the change of cell membrane proteins [5] . Spermatozoa showing a curling reaction are considered to be presumably viable, whereas dead spermatozoa show no reaction. The laser test has several advantages. First, it can be performed with normal culture media, and it does not require any chemical reagents. Second, the laser test is easy to perform and the spermatozoa can be directly used for ICSI. Third, the laser energy level can be adjusted as needed. A further study confirmed that the percentage of immotile spermatozoa classified as viable by the laser test was similar to that detected by the hypo-osmotic swelling test [7] . Values are presented as percent (number) unless otherwise indicated.
a)
The wife of the third patient successfully achieved intrauterine pregnancy and delivered a healthy full-term baby in the subsequent frozen-thawed cycle. The use of viable but immotile spermatozoa, either from the ejaculate or extracted from a testicular biopsy, has resulted in successful pregnancies [8, 16] , indicating that immotile spermatozoa can successfully fertilize an ovum. The conflicting results presented in our report may be attributed to the different principles of these techniques. The eosin-nigrosin test is based on the integrity of the sperm head membrane, whereas laser identification is based on protein activity and the integrity of the tail membrane. Studies have shown that immotile spermatozoa from the ejaculate may undergo pathological epididymis degradation, and the degradation of the sperm head and tail membrane occur independently [17] . It has been proven that protein activity is the basis of a series of molecular events during the process of fertilization [18] . Application of a laser to select viable spermatozoa with protein activity has yielded highly satisfactory pregnancy outcomes [8, 16] . However, no reports have described the direct use of spermatozoa stained by the eosin-nigrosin test for ICSI. Therefore, testicular sperm extraction is advised for such patients to obtain spermatozoa for fertilization, which can yield a very satisfactory fertilization rate.
In conclusion, this report identified a limitation of the eosin-nigrosin test in ART. The viable immotile sperm identified by the eosin-nigrosin test do not necessarily show protein activity. As is known, the series of molecular events during the process of fertilization require protein activity. Therefore, we suggest that laser-assisted detection may be preferable to the eosin-nigrosin test for identifying viable but immotile spermatozoa for ICSI.
